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Introduction

When a materi .a].  1s stressed local ised de-

formations result in the release of strain ener$fr

generating süress waves which can be detected by a

Á"tt"o. coupled to the naterial surface. These

stress h¡aves ! or acoustic emissions (AE) are

characterist j .c of the fai lure process and their

study wil l  lead to a greater understanding of

fracture mechanisms occurring in materials'

In f ibre reinforced composi-tes sources of

acoustic emission are f ibre fracture, matrix

cracking and debonding at the f ibre-nati ix i-nter-

face. TLre most energetic fai lure process is

expected to be associated with f ibre breakage;and

several authors (I  ,2,J,4) working on f ibre rein-

forced plast ic report this mechanism ás the major

source of emission in these composites.

Experimental Methods

Unidirect ional carbon-carbon composites

were fabricated from a precursor which consisted of

sheets of high strength, non surface treated carbon

fibre tow preimpregnated with a phenolic novolak

resin. Layers of this prepreg naterial were hot

pressed fol lowed by carbonisation in an argon

átmosphere. The specimens l¡rere then densified by

the deposit ion of pyrocarbon using either an iso-

thermal or thermal gradient technlque.

All  specimens hlere tested by three point

bending on an Instron Üniversal Testing fnstrument'

fhe acoustic emission signals I tere processed by an

AECI, IO5 Acoustic &nission Systen using a system
gain of 8OdB and a IOO-JOO Kl{z band pass filter'

Results

Figure 1 compares typical acoustic emis-

sion responses with stress for the Sreen' carbonised

and densif ied cornposites- The relat ively hi 'gh

number of counts for the densif ied and carbonised

composites at low stresses conpared with the res-

ponse of the green materi-al can be attr ibuted to

cracking in the carbon matrix. The strain to

fai lure of the densif ied composites is of the order

of 1% compared to a matrix strain to fai lure of

approximale]y O.3% and consequently matrix damage is

a siEnif icant contr ibution to the acoustic emission

monilored at 8odB.

Matrix fail¡re is also a Probable
explanation of the di-f ferent behaviour of the two

densif ied materials. The isothermally densif ied

conposites general ly have a higher weight increase

on densif icat ion than the thermal gradient com-

posites (I5-2Ú/" compared wítln lO-L2%) and the fo¡rner

usually have a pyrocarbon surface coating. Í?t is

pyrocarbon surface deposit is observed to crack at

Iów stresses and strains and this wil l  contr ibute

towards the higner nunber of counts in the iso-

thermally densif ied composites. Differences in the

fine structure of the deposited pyrocarbon for each

of the densif icat ion processes may also be a factor

leading to the variat ion i-n the acoustic emission

responses of carbon-carbon composites.

An indication of the energy of an emission

can be obtained by rneasuring the transducer signal

on an RMS voltmeter, since the energy output is pro-

portional to the square of the voltage at the

iransducer terrninal. Many specimens exhibited high

energy peaks at stresses well below the failure leve1

"na 
éác¡ peak was associated with an increased rate

of emission. The higher the stress at which the

first signif icant energy peak occurred the greater

was the faí lure stress of the cornposite.

Figure 2 shows the acoustic emission

obtai.ned for a selection of carbon-carbon composites

during cycl ing between O and 0.4 GPa. There is

clearly á relát ionship between the ult imate f lexural

strenglh of a composíte and the slope of the acoustic

emission trace after the f irst load cycle' f igure J
shows this relationship. Above a threshold fracture

stress of approximately lGPa the total number of

counts during 1J cycles is independent of the

ult irnate strength and is of the order 1OT or less'

tr'or composites havi.ng a fracture strength
significantly less than lGPa the nunber of counts

is at least an order of nagnitude higher'

Conclusions

Acoustic emission can dist inguish carbon-

carbon conposites manufactured' by dif ferent process

routes and also the precursor materials. Low

strength conposites are characterised by the emis-

sion of high energy events at 1ow stress levels'

The results obtained during cycling of carbon-

carbon conposites suggests the use of AE as a suit-

able NDT technique by which an upper limit can be

set to the number of counts monitored during cycl ing'

after the f irst conplete cyc1e, which wil l  enable

the identi f icat ion of 1ow strength composites'
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Figure I Relat ionship between the ult imate f lexural
strength ancl the acoustic enission monitored. during
flexural cycling between O and O.4 G?a

6
rr)
o- 5
x
o
c 1
1
o
t 3

o

i 2
a
E

21

Figure 1 Acoustic emission responses of (a) green,
(b) carbonised, (c) isotherrnal C\¡lD a¡rd (a) tirerrnal
e?ad.ient CVD carbon-carbon comoosites

Figure 2 Acoustic enissj.on from catbon-carbon
composites during flexural cycling b:tween O and
0.4 C,Pa
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